In an examination of the effects of timing of feedback on student learning, participants were randomly assigned to complete five introductory course tests using either control (Scantron form) or one of three feedback (end-of-test, 24-hr delay, immediate) procedures. A cumulative final examination with 50 new items and 10 items repeated from each course test was used to assess retention during the academic semester. Fifty final examination items, administered at postcourse intervals of 3, 6, 9, and 12 months, were used to measure longer-term retention. The provision of feedback at either the end of a test or after a 24-hr delay, relative to control procedures, increased retention for 3 to 5 weeks during the semester. Robust enhancement of retention at all intervals was observed only when immediate feedback was provided. The magnitude of the immediate feedback effect indicates that students benefit from affirmation of correct responding and notification of incorrect responding during classroom tests and suggests noteworthy potential for creating learnable moments during which students validate and self-correct their knowledge stores.
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General education and introductory courses expose students to the foundations of an academic discipline. The broadening of the content areas that define academic disciplines, and the integration of multimedia resources into the teaching process, markedly increase the breadth of and depth at which concepts can be presented to enhance traditional lecture materials. Indeed, these changes have prompted many departments to develop a two-semester introductory sequence to better prepare students and to expose them to the content and theory that define an academic major. At many institutions, enrolling in next-level courses and matriculating into an academic major require completion of the introductory course or courses, often with a minimum grade requirement. This gateway reflects not only contemporary enrollment management practices but also traditional pedagogy that learning within an academic major is sequential and that foundational concepts presented in lower level courses should be mastered prior to enrolling in upper-level courses.
Earlier learning, then, is assumed to be accessible for assimilation into the increasingly theoretical frameworks presented in upper-level courses.
Initial investigations of learning in introductory baccalaureate courses revealed high levels of retention (e.g., Cederstorm, 1930; Eurich, 1934; Greene, 1931; Johnson, 1930; Spitzer, 1939; Tyler, 1933; Wert, 1937) . In many of these studies, though, curricular factors without contemporary parallel (e.g., 12 hours of weekly class and laboratory time per course) were often examined (e.g., Cederstorm) and the assessment of retention beyond the end-of-the-semester examination was rare. More recent studies examined retention when specialized systems of instruction, specifically Keller's (1968) Personalized System of Instruction (PSI) and Bloom's (1968) Learning-for-Mastery (LFM), were compared with traditional lecture methods (e.g., Goldwater & Acker, 1975) . PSI and LFM both emphasize mastery learning but differ significantly owing to the lecture-based structure of LFM and the tutor-based structure of PSI. These structural differences result in LFM-instructed students receiving fewer opportunities to take and to retake as many tests as PSI-instructed students, and thus the reported differences between these two systems are potentially confounded by the number-of-trials effect typically observed in laboratory studies. Despite these differences and the potential for PSI-instructed students to complete more trials, there is little doubt that specialized systems of instruction create unique opportunities for students to evaluate and increase their level of comprehension through repeated testing (e.g., Hursh, 1976; Kulik, Jaska, & Kulik, 1978; Semb & Ellis, 1992; Semb, Ellis, & Araujo, 1993) .
Contemporary changes in higher education, such as the rise of distance learning programs, the growing use of intranet and Internet channels to deliver lecture materials, and the increasing reliance on parttime instructors, have made the implementation of specialized systems of instruction in contemporary introductory courses exceedingly problematic. Despite the wealth and popularity of introductory courses, there is a paucity of evidence about the retention of learning in introductory courses, and this concern is magnified by the modal test question and answer recording format used in introductory courses: the multiple-choice item and Scantron form, respectively. Test item developers assume that adequately learned facts are not subject to interference from the confluence of correct and incorrect response options and, thus, misinformation serves as the context within which correct responses must be discriminated when test materials are presented in a multiple-choice format. This assumption is surprising in light of the repeated demonstration that exposure to misinformation within test items causes participants to perceive or to remember misinformation as being correct. This phenomenon represents the memorial consequences of exposure to misinformation that have been described as the Negative Suggestion Effect, a result that can be demonstrated even when misinformation is specifically identified as being incorrect (e.g., Brown, Schilling, & Hockensmith, 1999) . Indeed, the Negative Suggestion Effect is remarkably similar to the outcomes of seminal studies of eyewitness testimony (see Loftus & Hoffman, 1989) . The consistency of these outcomes may help to explain many an instructor's bemoaning of students' failure to perform satisfactorily on end-of-semester tests in the introductory course and their failure to recognize core introductory-level concepts when they are presented in follow-up courses.
During the past 10 years, a series of programmatic studies on the relative benefits of delayed and immediate feedback, under classroom and laboratory conditions, for student learning have been undertaken (see Brosvic, Epstein, Dihoff, & Cook, 2006c; Dihoff, Brosvic, & Epstein, 2004; Epstein et al., 2002; Epstein et al., 2003) . Proponents of immediate feedback recommend the correction of an incorrect response and the acquisition of the correct response before exiting a test problem or test session (Brosvic, Epstein, Dihoff, & Cook, 2006a , 2006b ). In comparison, proponents of delayed feedback recommend the imposition of a delay of 24 to 48 hours to facilitate the forgetting of errant responses and the acquisition of correct responses in the absence of the interference that immediate feedback on an item-by-item basis is postulated to generate (Kulhavy & Stock, 1989) . The provision of immediate feedback has consistently resulted in greater facilitation of retention than that observed for delayed feedback, but it is difficult to compare these results with the larger body of literature because of noteworthy differences in the procedures used to define immediate and delayed feedback. For example, definitions of immediate feedback can range from the instantaneous presentation of the correct response (e.g., Epstein et al., 2003) to the presentation of correct responses at the next weekly meeting of a class (Robin, 1978) . The definition of delayed feedback, similarly, can range from a review of correct responses at either the end of a test or after a 24-hr delay Dihoff, Brosvic, & Epstein, 2004 ) to delays of 7 or more days (Bruning, Schraw, & Ronning, 1999; Robin, 1978) . To the authors' knowledge there are no published reports on the timeliness of returning examinations, but it is likely that even the median of the intervals presented above may represent considerably more prompt grading than many students are accustomed to.
The tool developed and validated by Epstein and his colleagues is the Immediate Feedback Assessment Technique, or IF AT, which embodies the theoretical and practical foundations of the teaching-testing machines, described by Skinner (1958) , and transforms the passive receiver of information into the active demonstrator of skills and knowledge. The IF AT form (E3 Corporation; see Figure 1 ) is a multiple-choice answer sheet with rows of rectangular answer spaces (e.g., A, B, C, and D) that is nearly identical in layout to the ubiquitous, machine-scored answer sheet available from Scantron Corporation. Participants scrape off an opaque, waxy coating that covers an answer space on the IF AT form to record their answer. If a symbol (e.g., a star) is printed beneath the covering, the student receives instant feedback that a correct choice was made; the absence of a symbol provides instantaneous feedback that an incorrect choice was made. However, rather than simply exiting the question, the student reviews the remaining response options, continues to respond until the correct answer is discovered (a self-correction procedure), and exits each question with the correct answer.
The primary focus of the present study was to examine how the timing of feedback affects the acquisition and retention of student learning in an introductory course over intervals during and after the academic semester. Unlike prior studies in which specialized systems of instruction have been examined, the present study required changes in neither pedagogy nor assessment, although the immediate feedback procedure required less instructor time than either of the two delayed feedback conditions. The secondary focus was to examine the potential influences of selected demographic variables previously reported to influence performance in introductory courses, e.g., the completion of high school courses in science and psychology. It was predicted that retention would be positively affected by the provision of feedback, with the largest benefits observed when immediate feedback was provided. If the retention of classroom learning is differentially affected by the timing of feedback, then the use of immediate feedback procedures may make introductory course materials more accessible during remaining components of the academic semester as well as in the next-level courses in the major.
Method

Participants
Complete data on the five course examinations and the final examination were collected from 611 undergraduates, 263 male and 348 female; these participants are hereafter referred to as the short-term retention sample. From these participants, complete data on the postsemester 3-through 12-month assessments were collected from a subsample of the original 611: 467 undergraduates, 196 male and 271 female; these participants are hereafter referred to as the long-term sample. The modal participant in the short-and long-term samples was a Caucasian female who was in her first year of college and majoring in the liberal arts and sciences. The textbook and lecture slides were common to all sections.
Design and Procedure
Five classroom examinations, each with 100 multiple-choice items, were completed during the semester. The final examination consisted of 100 multiple-choice items, with 50 new items and 10 items randomly selected from each classroom examination. Examination items were drawn from the test bank supplied with the text. A minimum of 65 male and 85 female participants were randomly assigned to each of the three feedback groups described below, and a like number was randomly assigned to the control group. In the End-of-Test Feedback group, participants recorded their answers on Scantron forms and, on completing each examination, reviewed their answer sheet, test items, and the correct solutions for 30 minutes. In the Delayed Feedback group, participants recorded answers on Scantron forms and, 24 hr. after completing each examination, reviewed their answer sheets, test items, and the correct responses for 30 minutes. In the Immediate Feedback group, participants recorded answers on an IF AT form by scratching off an opaque, waxy coating. A correct response was affirmed by a symbol; the absence of a symbol indicated an incorrect response, after which participants were permitted to continue to select from among the remaining answers until the correct solution was discovered. Participants in the Control condition recorded their responses on Scantron forms and, at the next class meeting, received their machinescored Scantron forms. All participants completed the final using Scantron forms. Although the IF AT method allows the assignment of partial credit (i.e., correct responding on the first attempt is assigned 100% of item credit, whereas correct responding on the second, third, or fourth attempt may be assigned reduced percentages according to instructor discretion), this procedure was not used, and the results described below were based on the accuracy of initial responses.
Participants were contacted and asked to complete the longterm retention tests 3, 6, 9, and 12 months after completing the final examination, with all responses recorded on Scantron forms. The retention tests consisted of 50 multiple-choice items, with 25 new items and 5 items randomly selected from each classroom examination. For control purposes, the 25 new items were generated from information on the same textbook pages from which repeated items had been generated.
Results
Participant Demographics
Potential differences in high school grade point average, current semester and overall college grade point averages, number of advanced placement credits awarded, Scholastic Aptitude Test percentile, credit hours completed, and all other dependent measures described below were examined using a multivariate analysis of variance (MANOVA) with response format (feedback: immediate, 24-hour, end-of-test, control, and sex of participant) as between-subject factors; Bonferroni adjustments were used for post hoc comparisons. Significance was observed for neither the main effects nor their interactions, all F < 0.46 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p > .82, and thus all dependent measures described below were collapsed across these factors in the analyses described below.
Performance During the Academic Semester
No significant differences in any dependent measure described below were observed between participants assigned to the two delayed feedback conditions (end-of-test, 24 hours later), all F < 1, all p > .5. The data for these conditions were aggregated and are hereafter referred to as delayed feedback. As described above, complete data on five course examinations and the final examination were collected from 611 undergraduates, 263 male and 348 female.
Classroom examinations. Potential differences in examination scores were examined using a MANOVA with response format (feedback: immediate, delayed, control) as the between-subjects factor and classroom examination (1 to 5) as the within-subjects factor; Bonferroni adjustments were used for post hoc comparisons. Significance was observed for neither the main effects nor their interactions, all F < 0.26 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p > 0.72, and thus the outcomes presented below do not appear to have been significantly influenced by differences in performance prior to the final examination.
Short-term retention. Potential differences in scores on the final examination (see Figure 2) were examined using a MANOVA with response format (feedback: immediate, delayed, control) as the betweensubjects factor and item novelty (novel item, item repeated from classroom examination) as the within-subjects factor, with Bonferroni adjustments used for post hoc comparisons; significant differences were observed for both main effects and their interaction, all F > 5.03 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p < .036. Scores were higher on the repeated test items for (a) both feedback groups than for controls, and (b) for the immediate feedback group than for the delayed feedback group, Bonferroni adjustments, all p < .05. The differences described above were specific to items repeated from course examinations, and thus conditional probabilities were calculated to assess learning during the examination and posttest reviews.
Conditional probabilities. Changes in responding were evaluated for test items administered initially on one of the classroom examinations and subsequently on the final examination by calculating the conditional probabilities of correct (C) and incorrect (I) responding on the initial (1) administration and subsequent (2) administrations of each item. The conditional probability values illustrate the beneficial effects of affirming initially correct responding and correcting initially inaccurate responding; potential between-group differences were used to estimate short-term retention during the academic semester. Potential differences in the four conditional probability measures were examined using a MANOVA, with response format (feedback: immediate, delayed, control) as the between-subjects factor and the number of weeks (3, 5, 7, 9, 11) between administration of an item on a classroom examination and the final examination as the within-subjects factor; Bonferroni adjustments were used for post hoc comparisons. Significant differences in the conditional probabilities were observed as a function of the main effects and interaction of response format and the number of weeks between the initial and subsequent administration of an item, all F > 11.89 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p < .0016.
C2/C1 values (see Figure 3 , top panel), which can be characterized as measures of both the retention of learning during the semester and the value of affirming correct responding, were higher for (a) the immediate feedback group than for the delayed feedback and control groups at Weeks 3 through 11, (b) the delayed feedback group than for controls at Weeks 3 through 7, (c) the immediate feedback group at Weeks 3 and 5 than at Week 11, and (d) the delayed feedback group at Weeks 3 and 5 than at Week 11, Bonferroni adjustments, all p < .01. C2/I1 values (see Figure 3 , bottom panel), which can be characterized as measures of learning during the test-taking process and of the value of correcting initially inaccurate responses, were higher for (a) the immediate feedback group than for the delayed feedback and control groups at Weeks 3 through 11, (b) the delayed feedback group than for controls at Weeks 3 through 7, (c) the immediate feedback group at Weeks 3 and 5 than at Week 11, and (d) the delayed feedback group at Week 3 than at Week 11, Bonferroni adjustments, all p < .01. I2/C1 values (see Figure 4 , top panel), which can be characterized as measures of forgetting during the semester and not profiting from the affirmation of correct responding, were lower for (a) the immediate feedback group than for the delayed feedback and control groups at Week 3, (b) the delayed feedback group than for controls at Weeks 3 through 7, (c) the immediate feedback group at Week 3 than at Week 11, and (d) the delayed feedback group at Week 3 than at Weeks 9 and 11, Bonferroni adjustments, all p < .05. I2/I1 values (see Figure 4 , bottom panel), which can be characterized as measures of the failure to learn during the semester or from correction during an examination, or both, were lower for (a) the immediate feedback group than for the delayed feedback and control groups at Weeks 3 through 11, (b) the delayed feedback group than for controls at Weeks 3 through 7, (c) the immediate feedback group at Week 3 than at Weeks 9 and 11, and (d) the delayed feedback group at Week 3 than at Weeks 9 and 11, Bonferroni adjustments, all p < .05.
Postsemester Performance
As described above, complete data on the postsemester 3-through 12-month assessments were collected from 467 undergraduates, 196 male and 271 female. Control items were drawn from materials on the same textbook page as the repeated test items, and potential differences were RETENTION OF CLASSROOM LEARNING evaluated using a MANOVA with response format (feedback: immediate, delayed, control) as the between-subjects factor. No differences in performance on the control items were observed as a function of response format, all F < 1.89 for response format, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p > .43. Collectively, these results suggest that participants did not review text materials prior to or between the Month 3 through Month 12 assessments.
Participant attrition. Attrition rates were remarkably constant across the factors of response format (feedback: immediate, delayed, control) and months since the final examination (months: 3, 6, 9, and 12). Potential differences in the four conditional probability values described below were examined using a MANOVA with response format (feedback: immediate, delayed, control) and attrition (status: did not complete all of the Month 3 to Month 12 assessments, completed all of the Month 3 to Month 12 assessments) as between-subject factors and postsemester interval (Month 3, 6, 9, 12) as the within-subjects factor. Significance was observed for neither the main effects nor their interactions, all F < 0.67 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p > .85, and thus the outcomes presented hereafter do not appear to have been significantly influenced by differential rates of attrition.
Conditional probabilities. Changes in responding were evaluated for test items used on both a course examination and the Month 3 to Month 12 assessments by calculating the conditional probabilities of correct and incorrect responding. These analyses illustrate the long-term value of affirming initially correct responding and correcting initially inaccurate responding during classroom examinations. Potential differences in the four conditional probability measures were examined using a MANOVA with response format (feedback: immediate, delayed, control) as the betweensubjects factor and postsemester month (month: 3, 6, 9, and 12) as the within-subjects factor; Bonferroni adjustments were used for post hoc comparisons. Significant differences in the conditional probabilities were observed as a function of the main effects and interaction of response format and postsemester month, all F > 9.72 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p < .003.
C2/C1 values (see Figure 5 , top panel), which can be characterized here as a measure of retention of learning beyond the academic semester, were higher for the immediate feedback group than for the delayed feedback and control groups, Bonferroni adjustments, all p < .05. C2/C1 values were also higher for the immediate feedback group at Month 3 than at Month 12, Bonferroni adjustments, all p < .05. C2/I1 values (see Figure 5 , bottom panel), which can be characterized as a measure of the retention of learning during the test-taking process, were higher for the immediate feedback group than for the delayed feedback and control groups at Months 3 through 12, Bonferroni adjustments, all p < .05. I2/C1 values (see Figure 6 , top panel), which can be characterized as a measure of forgetting, were lower for the immediate feedback group than for the delayed feedback and control groups at Months 3 to 12, Bonferroni adjustments, all p < .05. I2/I1 values (see Figure 6 , bottom panel), which can be characterized as a measure of the failure to learn, were lower for the immediate feedback group than for the delayed feedback and control groups at Months 3 to 12, Bonferroni adjustments, all p < .05.
Participant debriefings. The results of debriefing participants who did not matriculate into the psychology major indicated that (a) 76% had sold their textbooks at the end of the academic semester, (b) 62% could not locate class notes, (c) less than 3% discussed the Month 3 to 12 assessments with a former class member, and (d) less than 2% reviewed some introductory course materials during the Month 3 to 12 period. The results of debriefing participants who matriculated into the psychology major indicated that (a) 12% had sold their textbook at the end of the academic semester, (b) 28% could not locate class notes, (c) less than 7% discussed the Month 3 to 12 assessments with a former class member, and (d) less than 4% reviewed some introductory course materials during the Month 3 to 12 period.
Demographic Analyses
Role of high school psychology. Potential differences in the four conditional probability values described below were examined using a MANOVA with response format (feedback: immediate, delayed, control) and enrollment in additional psychology courses (status: did not complete high school psychology, completed high school psychology) as betweensubject factors and postsemester interval (month: 3, 6, 9, and 12) as the within-subjects factor. Significance was observed for neither the main effects nor their interactions, all F < 0.19 for main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p > .73, and thus the outcomes presented above do not appear to have been significantly influenced by completion of a high school course in psychology.
Role of high school science courses. Potential differences in the four conditional probability values described below were examined using a MANOVA with response format (feedback: immediate, delayed, control) and completion of high school science courses (number of completed science courses: 0, 1, 2 or more courses) as between-subject factors and postsemester interval (month: 3, 6, 9, and 12) as the within-subjects factor. Significance was observed for neither the main effects nor their interactions, all F < 2.01 main effects, interactions, Wilks' Lambda, Pillai's Trace, and Hotelling-Lawley Trace, all p > .58, and thus the outcomes presented above do not appear to have been significantly influenced by enrollment in high school science courses.
Discussion
A goal of an introductory course is to expose students to the foundations of an academic discipline. A more important goal is to help students acquire those foundations and to be able to recognize and recall them during and after the course. It is clear from the present results that the provision of immediate feedback effectively promotes the latter goal. A visual inspection of main effects and interactions in Figures 2-6 indicates that students provided with immediate feedback incorporated the informational aspects of that feedback into their cognitive processes-a supposition for which several lines of support emerge. Specifically, the increases in retention (a) were observed only for items repeated from previous classroom examinations, (b) did not significantly differ between participants enrolling in additional psychology courses and those not electing to take additional courses, and (c) did not differ between participants completing each of the Month 3 to 12 assessments and those who did not complete each assessment. The results described above do not appear to have been significantly influenced by the demographic variables of sex of participant, completion of a high school course in either psychology or the natural sciences, and differential participant attrition. Indeed, the only variable found to be of significant influence during both the short-and long-term assessments was the timing of feedback. The collective results of the present study support the growing body of literature showing that immediate feedback is more effective for classroom learning, and the retention of classroom learning, than delayed feedback. The feedback provided by the IF AT is an effective adjunctive tool that supports but does not supplant the educator (Brosvic, Epstein, Dihoff, & Cook, 2005; Brosvic et al., 2006a; Brosvic et al., 2006b; Epstein et al., 2003) .
The IF AT provides individualized performance feedback during the testing process, regardless of the size of a lecture course. The IF AT method also allows the assignment of partial credit, and while some instructors may legitimately object to the awarding of partial credit, we have found that the process of answering until correct enhances students' ability to self-correct initially inaccurate responses. When an initially correct response is reinforced through affirmation, it is more likely to be repeated in future assessments. In contrast, feedback presented after the completion of more than one test question before the delivery of feedback (that is, feedback was withheld for a response to a question until after the next sequential test item has been answered; see Brosvic et al., 2006a Brosvic et al., , 2006b appears to be of limited value, and this raises important questions about the value of the post hoc reviews of tests in faculty offices and the "postmortem" review of tests after their return. Motivation plays an important role in learning, and feedback given after the conclusion of an examination does not change the outcome of an already-completed test. Thus, students might not be motivated to learn about what the correct answer "should have been." On the other hand, if feedback is presented while the student is answering a question and that feedback can be used for a subsequent attempt at an answer for partial credit, motivation persists and learning occurs. This outcome may be specific to multiplechoice tests; a postmortem review of responses to essay questions may be of value, and an examination of this possibility is currently under evaluation in our laboratories and classrooms.
An additional line of inquiry undertaken in this study was the examination of two demographic variables previously reported to influence performance in the introductory course: completion of high school courses in psychology and in the natural sciences (e.g., Carstens & Beck, 1986; Dombrodt & Popplestone, 1975; Nathanson, Paulhus, & Williams, 2004; Thompson & Zamboanga, 2003) . It is intuitive that prior exposure to course materials at the high school level might enhance either students' recognition or acquisition at the college level, but this relationship was not observed in the present study. However, this outcome is not surprising, as participants having completed such coursework reported that their assessments at the high school level were completed in the absence of immediate feedback.
We have found that immediate feedback transforms the multiplechoice examination into a learning opportunity and the student into an active learner. This combination provides for a predictable synergy that creates a number of "learnable moments" in which the educator can be passive, and these learnable moments are more likely than the vaunted "teachable moments" that educators prize even though such moments defy definition and are said to be unpredictable. A learnable moment, in contrast, is predictable. It occurs when a problem, a proposed solution, and feedback are concurrent in the presence of motivation. All of the above exist when a multiple-choice test giver employs the IF AT and allows partial credit for proximate knowledge while answering until correct.
The multiple-choice items in the present study primarily assessed a student's knowledge of the definitions of basic psychological concepts rather than a student's ability to apply these same concepts. In the domain of operant conditioning, for example, test items focused on the definitions of the schedules of reinforcement rather than on the identification of the schedule in effect in a hypothetical situation. Additional studies are currently in progress to examine whether the enhanced retention observed for students tested with immediate feedback translates into an empirical transfer of learning to next-level courses in an academic major. Similar enhancements and connections have been posited for any number of teaching innovations that have appeared in the past few years (e.g., writing across the curriculum, journaling, problem-based learning), most of which have been temporal in popularity and not supported by objective measures of student learning. The principles that underlie feedback are among the oldest and most vetted in the psychological and educational sciences, and the IF AT capitalizes on these principles while requiring neither changes to pedagogical processes nor to assessment ones. If a carryover effect of learning in the introductory course to the next-level course can be demonstrated, then immediate feedback may provide one of the means of building connections between the introductory course and next-level courses within an academic major, as well as a means through which such connections could be built into a curriculum. To these ends, the IF AT is presented to the larger community of educators for continued validation and development.
